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The ohjcctive of this work unit i s  t o  pe r fo rm in-house evaluation of the 

performailce and thermal  steril ization capabilities of the newest designs of 

miniature iner t ia l  sensors .  Additionally, the ability of these instruments  to . 

withstand the spaceflight and launch environments of vibration and shock i s  

a l so  being evaluated. This work unit i s  pr inlar i ly  a housekeeping task cover - 
ing the necessa ry  JPL manpower, tes t  equipment maintenance, and environ- 

mental  t e s t  facility use requi red  to pe r fo rm the evaluation of these instrument  

de signs. r , 

S T A T U S  

At tlli s tilnc, the long-term performance and environn~cntal  capability 

a r e  being a s scsscd  on the Kear fatt Alpha 111 gyro design, and thermal  s te r i l i -  

zation cnpal~i l i t ics  of thc 13ell Model VII  acceleromctcr  a r c  being evaluated. - 

l 'rogress on each of thcsc tasks is repor ted  under work unit numbers  186-68- 

02-30-55 and 136-58-02-09-55. 
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T h e  objective of th ls  work uni t  i s  to  develop the Honeywell ,  I nc . ,  type 

IlGG159 si l lgle-axis,  ga s -bca r i ng  gyroscope  into an i n s t rumen t  c a p a l ~ l e  of s u r -  

vlving a t11c:rrnal s t c . r i l i ~ ~ ~ t i o i ~  c~nvironrncnt of 135OC witllout e i t he r  fa i lurc  o r  

significant  11cr formanc-c clcgr,ld,~lion. 

Work h a s  been  p rog re s s ing  a t  f-Ioncywell, I n c . ,  on the fabr ica t ion of the  

IlGG15913   nod el of th is  gy ro  ( leslgn.  The  E mode l  gyro  wil l  d r a w  together ail 

the  i l~ ip rovc inen t s  devclopcd 'jy JPI, fullding s ince  1963. T h e s c  improvements  

Include a low-power spin  motor  with suppor t  bea r i ngs  capable  of 200-g shock 

leve l s ,  the r lna l  s t c r i l i ~ a t i o n  capabil i ty,  and a high-frequency gimbal  su spen -  

s lon  pump. 

Thc p rob l ems  a ,5oc  ~ a t t  d with rmolsturc contaminat ion of the spin 11-1ot;or 

baa b c a r l i ~ g ,  (11 ,c_ussc d 111 thc l , ~  t rc11ol.t ( l i & A D  P r o g r a n l  Document 701 -6 ,  

Vol. I), 1 1 3 ~ ~  1 1 t x c : 1 1  c o r r ~ ~ ~ t c ( 1 .  rieslgn of the g a s  punlping &;ooves on trle 

j o ~ i r n ~ i l  ~ C ~ I I - I , I ~  \\'as c 1innj;c.tl to l~cl~- lu~i t  '1 ga r  f low-through colldltion within thc  
, 7  a i .  i 11ow-tlil .o~~gli clc :,lj;li ~ ~ 1 1 1  be c a p ; i b l ~  of  carryi i lg  away ~ n o i s t u r e  

f a s t c r  than i t  c an  conc'ic~nsc. l'hc or iglnal  bear ing  was de l ibe ra te ly  designctd io 

have a hlgh g a s  p r c s s u r e  a t  tlle cen te r  of the journa l  bea r i ng  aiid no gas  was  

allowed to flow through the  bcar lng.  Th l s  approach  saved  s o m e  power,  but  was  

de t e rmined  to be sensitive to  mlc ro scop l c  amounts  of  condensed liquld wa t e r ,  

The f low-through deslgi;, coupled with 3 0 0 ° F  vacuuln bake out of a l l  gim- 

bal and inotor p a r t s ,  h a s  ef fc~ct lvely  solved the motor  hang-up prob lem wl t l~ou t  

sacrificing c i thc r  of the origlrlal c1e:;lgn goals  of high shock capabil i ty o r  low 

lmoior power  r  cqulr  enlents ,  



An encapsula t ion t e c l l n i q ~ ~ e  ~cs ing  a meta l l i c  c a n  w a s  a l so  cizvcloped f o r  

t h e  motor s ta to r  v~incllrlgs to  r t d u ~ e  the poss ibi l i ty  of p a r t l c u l a t ~  contdmin,t t ion 

en tc r lng  the  bear ing  f r o m  this  sou rce .  

Methods of identifying both par t i cu la te  and gaseous  contaminat ion within 

the gimbal  have been  developed by Honeywell using advanced methods  of ini1.a- 

r e d  ana lys i s ,  u l t raviole t  f luor cscencc ,  m a s s  spec t roscopy ,  gas  ch roma tog  - 
raphy ,  and hot-s tage  microscopy .  

The DGG159E i s  not in the f lnal  s tages  of assembly .  Tes t l ng  at  

E-loneywell wil l  p roceed  on a scliedule that  wil l  al low de l ive ry  of tile gyro  to  

3PL i n  Sep tember  1968. JPIJ will  then conduct an  evaluation to  vcr i fy  thc  

s te r i l i za t ion  capabil i ty and long ~ C Z I B  performance. 

ST'S Contl.ibutiolls 
- - - - - 

1. Ilancl, P. J.  , " S t c r ~ l i  zable l n c r t i a l  Senso r s  (Typc DGG159E and 

DGG334S G y r o s ) ,  " SPS 37-51 ,  Vol. 111, May 1968. 

Contractor  Repo r t s ,  In tcr  irr-I and Final 

1. E r i ck son ,  C .  J . ,  "T'hc Design and Build of a Gas  Bea r ing  G y r o -  

scope  Pos sc , s l ng  I-Tlgh G and Ste r i l i za t ion  Capabil i ty and Utlllzlng 

a L o w  Power  Sp ln~~io tor .  and  IJlgh Frequency  Pump,  ' I  'iIoncywel1, 

Inc.  , E'lfth ( l ~ i ~ ~ u t e r l  y 131*ogl.c.s:, Repo r t  No. 20660 QR5 ,  JPL Con-  

t r a c t  951559, J r i r l .  1 ,  1968 to Mar. 31, 1968. 



'i'hc o11jcc:tive of th is  work : in i t  i s  to cva lua te  the  t h c r i n a l  s t e r i l i z a t i o n  

caIxiijilititr:s of one  of the nc:wcst f o r m s  of s u b m i n i a t u r e  ba l l  I learing g y r o  

nlotor:j. T h i s  t a s k  i s  c o r o l l a r y  to t a s k  136-68-02-30-55 i n  tha t  thc inotor  u s e d  

i s  the s a m e  a s  the  m o t o r  in the Alpha 111 g y r o  being eva lua ted  undcr  tha t  w o r k  

unit n u m b e r .  

The 2 - y r  dcvc.lopment c o n t r a c t  (952019) p laced with K e a r f o t t ,  I n c . ,  ha s  

hccn  ~;rocc.cding without m a j o r  ~ i ~ f f i c u l t y .  T h i s  c o n t r a c t  i s  divided into two 

p h a s e s .  

'Tile f i r s t  1111a:;c dcn l s  with t l ic  hea t  s tcr i l iz i i t ion  of m o t o r  p i e c e - p a r t s  and  

~ i i l . ~ ~ ~ : ; : ; e i l i ! , l i ~ ~ s  a t  135"C,  f o r  ;1 tot01 of 6 c y c l c s  a t  70 h r  each.  T h i s  phase  wi l l  

d ~ ' t c ' t : t  any acivc.rse tei>ipc:r<ltrlrc e i i c c t s  a t  t h c  subassc rnb ly  l e v c l  that  nligllt :IC 

~ \ ~ c i . l o ~ i i c c i  011 tlie c:onnplet.cd lr-lotor. I3ilring the  second  phasc ,  two motor  

assc:lrilolics a r e  buil t  1111 and :;tcl-ilized a t  the  s a m e  condi t ions  a s  the  p i e c e -  

i ~ a r t s ,  n i t e r  e a c h  stcri l i :cst ion i:ycie, the  rno to r s  a r e  p laced  on t c s t  to s e e  i f  

i>er iormai lce  i s  a i fcc te t l ,  Lift t ~ s t s :  a r c  scheciuled fo r  both m o t o r  a s s e m b l i e s ,  

provided they s u r v i v e  tlie s t e r i l i z a t i o n  envil-onment. 

The f l r s t  p h a s e  h a s  bcen conlpletecl wlthout encoun te r ing  any p r o b l e m s .  

One slgnlf lcnnt  f a c t  discovered, wl l l c l~  w a s  a l s o  notecl on otllcr s t L r r l l z ; ~ t i o n  

clcveloi,mcnt p rog i -~ i rns ,  w<is  ili<t*L ccbrtaln of the cpoxy ndhes ivcs  [ L  ,ed in  

,LL , cn l l~ l lng  the gyro rnotor a c t t i  lily I J C L ~ I I I I C  s t r o n g e r  a f t e r  the  si:< s t c r l l i t a t ~ o n  

c-ycles. 'This ~ n c l l c a t e s  tlicit s o ~ r , c  of the r e c o ~ n m e n d c c i  c u r e  cycle, ;  nlny  not be  

1 ~ n ~  cbnough. 



'TLl~ c . i r t i i  p'rl,, i c  l i d .  p i  ogr  c s scc i  t n r o u g h  t'iic point  of 1o1-0r a s s (  ,,b y  

and first s t c - r l l l ~ a t l o n  cyclc .  Prior to m o t o r  a s s e n l b l y ,  the  _our  spln n ~ o t c l -  

b c < ~ r l n g s  usccl In the . t i \ c , l n ~ i y  w c l e  s ~ . l c c t e d  fro112 a  quantlty of clghii. ' Ih ls  

s c l c c t i o n  w a s  based on ~1 1 0 X  v l s u a l  ~ n s p c c t i o n .  T h c  b e a r i n ~ s  w e r e  processccl  

following s t a n d a r d  pi-occdu.-cs and ~ m p r c g n a t e d  with SR -60 lubricant. T h e  

g y r o  m o t o r s  wcr  e  a s  selnb1i.d and r u n - i n  following s t a n d a r d  p r o c e d u r e s ,  wlth 

the  excep t ion  o i  a n  increasccl  n u m b e r  of b e a r i n g  v i s u a l s  and power  input t e s tg .  

T h e  m o t o r s  w e r e  installed Into tlie s t e r i l i z a t i o n  c o n t a i n e r s  and  h e r l n e t l c a l l y  

sea led .  T o  c o r r e c t  a heaclcr dcf ic lency,  one  con ta ine r  w a s  cl isass cmbled  ancl 

r e c y c l e d .  The  container s  were  then  f i l led  with one - q u a r t e r  a t n ~ o s p h e r  e of 

hellurn and r u n - i n  t e s t lng  .was s t a r t e d .  T h e  c o n t a i n e r s  w e r e  i ~ n m e r s e d  in  a n  

011 bath dur lng  r u n - l n  t c s t l , ~ g  nncl the  fluid t e m p e r  a t u r  e  l n a i ~ t a i n e c !  a t  11 5  OF. 

Onc. m o t o r  w ~ i s  r u n  an  aclc11,lonal 1.15 111- for a  to ta l  r u n - i n  t i m e  ( m o t o r  and c o n -  

tdlrLc r )  of 33 1  h r  Lcbfnrc tlic f i  r  s t  s tc>rl l i / ,a t ion r c f e r c n c c .  S i i ~ ~ i l a r l y ,  tho o,hcr 

rrlotor \ h 3 r t S  r u n  an  ; ic l ( l~I~~)nr i l  156 111- for  a total  r n n - i n  t i lnc o l  3 4 2  h r .  Motor 

~ ~ c r f o r i r ~ , t ~ ~ c c ~  ;tnd pow( 1. ~ril,ilt:, w c r c  checked at  I n t e r v a l s  du l  i n g  and  af ,cr  coin-  

plet ion of tllcs run-111 t e s t .  T h e s c  d a t a  wll l  s e r v e  a s  a  p rc - s -ce r i l i za t lon  

r e f e r e n c e .  

Af ter  comple t ion  o f  the, r u n - i n  t e s t ,  the  c o n t a i n e r s  w e r e  reri loved ancl 

de l ivc rcd  to the  enviror?~-ncntal  l aboua to ry ,  w h e r e  the  h e a t  s t e r i l i z a t i o n  w a s  

p e r f o ~ n i c d .  A f t c . ~  tl?c :i~'s:. s t e r i l i za t ion ,  ancl p r i o r  t o  power t u r n - o n ,  the  con-  

~ a i n c r s  \xri,sc li-:a!;-chcci~:c:c! to  e n s u r e  the  in teg r i ty  of the  h e r ~ ~ ~ e t i c  s e a l ,  and 

motor  res is t ;~ncc:  w2t.i c?iccicc:d. Thc  motor  ~ > c r f o r r n a n c e  of c a c h  unit  w a s  

checked ,  a n d  the  I)o\i.c:r inl,ut was moni to red  on each  for the  f i r s t  30 m i i ~  of 

run- in .  Each unit war; I.cln for  102 h r ,  du r ing  which rllotor l ,crforinancc: and 

power were: cl-ieckvcl ;it rc :g i~lar  in tc : rv ;~ls .  The:  noto or cha l . ac~ tc~ : i s t i c s  and 

power input pe r  for 111;tncc. v:ci.c: vc.1:~ good thl.oug11out. thc r u n - i n  p e r i o d ,  wit.11 

only nlilior c:Iiangcs i n  I .LI I I -CIC)~V~~ ti?-nc: o c c u r r i ~ l g .  

r ,  I h c  r c s ~ i l t s  inrlic;~tc. tliat tile two g y r o  m o t o r s  have  successfully pas:;ccl 

thhc f i r s t  s tc . r i l iza t ion  c y c l t : .  17roni tllc da ta ,  i t  a p p e a r s  tha t  none of tlic, n-iotor 

1,. i . i s : ;  - \z!cl.i: ; : i f ic l i : i :  b y  the s t e r i l i za t ion  cycle, I t  .s eviderit ;it t!iis 

point  in tkct piogranl i k C : e  t : 1 ~  "iLl'li1.A i l l  g y r o  m o t o r  c.an s a f i , l y  wi t l i s tand  c l  

1t.astoone steriiizatioii c y c ' e .  W l i c . ~  tile m o t o r s  pass  211 6 c i - c l e s ,  tiie:. -i\:i:! bc' 



, , ~ ' , ~ c c t c i l  to d life t e s t  of d t  !cast 000 hr a s  3 chcck f o r  possible 10, g - t e r m  

wL,J, ou t  co:ic'irtlons tha t  r i ~ a y  h a v e  ? t e e n  brought on by the 135 O C  espc  s u r e .  

Coritrac tor l i epo r t s ,  Inter im and ia'inal ___- -- 

I .  Brophy,  T . ,  "C702543 Alpha 111 Ball Bear ing  Gyroscope Motor 

S te r i l i za t ion  P r o g r a m ,  I '  Kearfot t  Inc, , R e p o r t  No. B194000216, 

May 15, 1968, JPL Cont rac t  952019. 





DI:VELOI3h1E r OF A STERILIZ-ABLE IHIGK - 
i~EK;.'cRMAi\;CE ACCELEROMETER 

S A S A  JVorlc Unit 186 -58-02-09-55 

JPL 314-81311-2-3440.  

I?. 3. Hand 

7 ' 1 1 ~  o l~ j cc t i ve  of tlli:; wol-k [:nit i s  to  develop tllcrunal and g a s  stc?ri l izat ion 

ca I j~ l - , i l i ty  illto ;L 11cw clc!sjgn uf i:~iniattirc: l ~ ig l~ -pc r fo l .mancc  ; ~ c c e l < : r o m e t c r .  

'This would ~ r l a l c e  avail.nl11i. vc-rsal i le  fo rcc  t ~ a l a n c e  instrui-r~ent  \vllich i s  c apa -  

ble of e i ther  tfi gi tnl-  or  analog - t y p e  of  opc.1-ation. Sys t em dc s igner  s could then 

make  use  of this  device  in p lnnctary  o r b i t e r s ,  en t ry  s y s t e m s ,  o r  landed 

dev ices  a s  wcl l  a s  for midcol.irse and t e rmina l  velocity con t ro l  of M a r i n e r -  

c l a s s  spacecra f t .  

The a c c e l e r o l ~ ~ e t e r  chosr:.~ for thls  development i s  the  Bel l  A e r o s y s t c n ~ s  

Model VII. This  i s  the salnc: h ~ s i c  lns t runlent  used  on the Apollo Luna r  

hlodule abor t  gi:id;,nce sys tcm. 

S'TA T U S  

rnoclillc nt lan to tnc oi. lLin' t l  c_oiitrnct with 13cll Aerosystc:n has  beta 

dgri cd ~ L ~ O I I ,  ; \ l i d  work wa:, r c  .ilnli (\ on thc I'hase One Frogral-n rn F e b r u a r y  

1963 'lfier a 5-1110 ilcl,iy. 'i'llc 1jci5,c ( h,zni;c was to  l*elnovc the ac tua l  s t c r i l i z a -  

tioil c y c l ~ n g  'iilci t e5 t l ng  iro~-i-i t l lz  con t rac t  \vltll 13cll and p e r f o r m  t l ~ e s c  o p e r a -  

t ions a t  JPL. 1x1 th is  manncr  the  iiilal arllount of the con t r ac t  ove r run  was 

reduced  to $8, 830, which was  withln the l lm i t s  of avai lable  funds. 

R follow-on P h a s e  Two P r o g r a m  has  been negotiated with Dell, and the 

contl.act should be r e l e a s e d  bc io r e  the f i s ca l  yeais c l o se s .  Th i s  P h a s e  Two 

effor t  will involve four lnor e i ~ - ~ s t r ~ i r n e n t s ,  oxper irnc~nts with advnnccd f ab r i c a -  

l ion tccl~niclllcs and an  ;iclvanccti plclcoff p redmpl i i i c r  de s ign  which would 

elirnincitc ooiil)li~lg transfor1na;r s .  



Tt?e i r i  b t  v e r a i o l i  of tilt 3 ~ ~ 1  L ; i / a u l t  3.dodci Vi! accc ie ro i lAeccr  w a s  

d e l i v e r e d  to J P i  In S:dy. Tl-is i n s t r u m e n t  u t i l l zes  a l l  n ~ a t e r i ; ~ s  an6 me,i,od, 

developed dur ing  the  i ~ r .  s t  pi]' b e  o i  tlic c o n t r a c t .  P r l n c l p a l l y  ; s t r o n g e r  aild 

h igher  t e ~ n p c r a t l i r e  ddllcs1vc i s  U S C ~  in  the proof l r lass  a s s e m b i y  and  a  I n o r e  

s t ab le  des ign  of plck-off  p r c ~ , ~ r n p l i f i c r  w(ls  incorporated. 

I jur lng  tllc f i r s t  L O  clay:, of stability tes t ing  a t  J1'L thc  pcs fo r tnance  of 

tllis u n i t  ( S N  6.56) h a s  b( .(>n v c r y  s a t i s f a c t o r y .  Ten hea t  c y c l e s  have been  p e r -  

f o r m e d  f r o m  roo in  t c r ~ ~ j ) c ~ r a t i i r ( ~  to 165OF with b i a s  and s c a l c  f<xctor m e a s u r c d  

b e f o r e ,  a f t e r ,  and during tl~cs t e r n p c r a t u r e  run .  A t  the con t ro l l ed  t c n ~ p e r a t u r e  

of 165"F, the ins t rumel l t  h a s  demonstrated a  b i a s  s tabi l i ty  ( 1  s i g m a )  of 

7 .  6 p g .  At r o o m  tenlpel -a ture  the b i a s  s t ab i l i ty  i s  35 p g, however  th is  - - 
i nc ludes  the ef fec t  of t i le  sh i f t s  c a u s e d  by the  t e m p e r a t u r e  cycl ing .  

Scalc  f a c t o r  h a s  a l s o  bc cn s a t i s f a c t o r y ,  d e m o n s t r a t i n g  a  1 - s i g m a  s t a b i l -  

~ t y  of 56 p. g a t  the  ~ ~ n i r ~ l l ~ c t  t c r n p e r a t u r e .  - 

Aclclitioil;~l tcst i l ig xvill inc:l~lde i l  p> linearity, piclc-off s c a l e  f ac to r  and 
- 

f i c s u r c  r t ! s t ~ . ; ~ i n t  r r ; c ; c : ;~ i~c~ i~ lc~ :~ t s .  Aftcr  tllc unit  h a s  receivccl 20  h e a t  cyc1i.s 

and 12iorc. t11;111 31) clays 1i:ivc. ( . l a  j)c;cd, s t c :~ - i l i za t ion  t c s t ing  wil l  begin.  At l e a s t  

6 cycii'i-; c ) f  G O  I I I -  c.ac11 v, , i l l  1 ~ ( .  pcrfol*lilccl a t  135°C wit11 s tabi l i ty  t e s t ing  tciliing 

p lacc  b i ~ i o ~ c ~  ;ind aitc:r c:ac 1 1  c y c l c .  If the irlstrul-nent s u r v i v c s  t h e  s t e r i1 iz ;~ t ion  

sc.rie:?, ; tcltl i i io~i;~l c . n v i r o n i n c > , ~ t ~ ~ i  t c s t ing  such  a s  shock and v ib ra t ion  will  b e  

schcdul.ecl, 

P U B L I C A T I O N S  

None. 



'Y'II~. 01,jectivr: of t l ~ l s  v ~ o r l i  u,lit 1s to  gain unders tand ing  of the d e s i g n  and 

n l c i l ? \ ~ f d ( - t u l * ~  o f  d htc.rillz,il>l(~ ni( ' i r  o r y  101- I I L ~ ,  i n  f u t u r e  flight p r o j e c t s .  

Dilrlng F e b r u a r y ,  G e n e r a l  P r e c i s i o n  Inc ,  , L i b r a s c o p e  GL-oup, d e l i v e r e d  

to  JI'L two woven p la ted  w l r e  mei;lory s t acks .  One of t h e s e  s t a c k s  was  m a t e d  

t o  t r e a d b o a r d  e l c c t r o n l c s  a t  JPL and b e c a m e  the  m e r n o r y  for  the  e n t r y  d a t a  

s y s t e i n  (EDS)  of  the  capsu le  s y s t e m  advanced developnlent  (CSAD). T h e  

nrenioi-y hds opcrateci  for about  3 Ino without f a i l u r e  a s  p a r t  of the  'LDS. D u r -  

i n g  the l j s t  L rno thc  E D S  h a s  h e c n  includcd a s  p a r t  of the  CSAD sy.,tern t e ~ t  

a t  SA E'. 

T h c  ot11cxr s t a c k  i s  to  11c. u s (  il ior  cbnvironmelltal t e s t ing ,  I11 p~ .epara t lo r ,  

f o r  t ] ; I S  t e i t ~ n s ,  c~cliilpllic~nt II,x-, b(_( .n ort1erc:d to  dt lpl icate the t e s t  se tup  uscd  b y  

Lll,r~i,;copc to cv,xltl,itc tllc stncli:,, T h e  ccjulpnlent lnc ludes  a prog,.dllllllLil3ie 

pui.;c g e n c r a l o r  ;111(1 two ~ i . ~ r r c % l l t  I-ul ,c g c n c r a t o r s .  

The  s t c  r i l i ~ a t l o n  rc.cjulren2c nt:, drld o ther  envi r  onincnta l  s p c c ~ f i c a t i o n s  

dc.veloped for CSAD d r e  be ing cornpared with s i m i l a r  s p e c l f i ~ a t i o n ~  for  

Mariner M,i rs  1969,  1971 ,and 19?'3 ln orclcr to  develop a s e t  of me<iningful  t e s t s  

fo r  the  second s t ack .  I n  g e n e r a l ,  the t e s t s  will  involve ~ t e ~ i l i ~ a t i o n ,  sllock, 

a n d  vibrati011. 



T e s t s  wil l  bc  run on the breaclboard me ino ry  t o  d e t k r ~ n i n e  i t s  

t e m p e r a t u r e  m a r g i n s  < ~ n d  i t s  abil i ty t o  ope ra t e  under vibration. A h i g ; ~  tc1-r- 

p e r a t u r e  l i fe t e s t  will bc  conducted with the men lo ry  opera t ing  at i t s  f a s t c s t  

r a t e .  

PUBLICATIONS 

None. 



OBJECTIVE 

The  purpose  of th i s  p r o g r a m  i s  to develop s t e r i l i z ab l e  s e n s o r s  which a r e  

unique to sc ient i f ic  instrumentat:on,  and to  conduct a n  evaluation p r o g r a m  to  

prove the s e n s o r s  worthy for use  on p lane ta ry  e n t r y  and landed missions. The 

units being stuclicd <Ire: 

( 4 )  Inorganic  scir~ti l ls t icin c r y s t a l s  

(5 )  1\11 opt ica l  dc tcc to r  -sc int i l la t ion c r y s t a l  a s s c m b l y  

G.  M.  Counter Tubes  

m 1 l n e  tlev<:lcjp~:lcnt cffort  I>;:.s bcen completed and uni ts  produccd accorciing 

to the r~::j~iltilzg ~pi:cif icat ion:j  ; I re  being cvaluatcd in the t e s t  por t ion of the 

pl- Ogl';*n-l. 

Solid-Stat': !i;\di;\tion I3ctcctors 
_̂ _I___._ 

All n e c e s s a r y  dcvelopnlciit  e f fo r t  ha s  been con?pletcd and, a s  a r e s u l t ,  

the s t a te  of  the a r t  h a s  p r o g r e s s e d  to the point of mee t ing  the rccjuirernents. - 

Photomult ip l ier  Tubes 

The  con t r ac to r  h a s  completed t h e  development  e f fo r t  for th i s  task .  

Although a change i n  the value of tlze quantum efficiency i s  e x p e r ~ e n c c d  a s  a 



r e s u l t  of heat  s t c r l l l za t lon ,  ana lys i s  of the t e s t  da ta  indicates  wn,lt the ch.~rigc 

can  h e  quite accura te ly  p r cd l i t cd .  The  energy  reso lu t ions  of trle tubes  rz. l laln 

v e r y  s table .  The  con t rac t  f inal  r e p o r t  i s  now being p r e p a r e d  tnd i t  i s  an t i c i -  

pated that  i t  wil l  be  rece ived  by June 3 0 ,  1968. 

Inorganic  Scinti l lat ion C r y s t a l s  

The  developmcnt  effort  ha s  been completed and i t  is expected that  the 

f inal  r e p o r t  wil l  b e  rece ived  by  June  30 ,  1968. 

Optical  r h t c c t o r  -Scintillation C r y s t a l  Assemb ly  

Thc dc.vclopi-ncnt c.ffo1.t has been cornplctcd and the f inal  r e p o r t  i s  

expcctcd to  t ~ c  r c c c i v r ~ d  by Jt1~1c. 3 0 ,  1'168. 

T e s t  and 1~:valiiation Prog1,;tln 
-- - - . - - - - -. - - - - - - - - - - - - - 

Thc  G. M. countcr  tube:, arid so l ld - s ta te  radiation d e t e c t o r s  w e r e  sttb- 

jcc icd to a flnril cyclc, of hckat s t c r i l i z n t ~ o n  on Apr i l  25,  1968. The  units  have 

been under t c s t  s incc  t h t t  t inlc ~ 1 1 t h  very  favorable  r e su l t s .  Alzhough t h i s  

t a s k  will be  terrninatei l  a t  the encl of F Y  68, the  autonlated t e s t  s ta t ions  w:ll 

p e r m l t  so111c adclitlonal tcxstln; to bc  pe r fo rmed  and bet ter  s t a t l a t i c a l  infosnla-  

t lon to  be maclc ava i l a l~ l c .  

A t  tllc C I O \ C  ~i FY 68, tiic inorgarlic sc int l l la t lon c r y s t a l s  and ~) l lo toniul -  

tipilc.1. tc "oes \\111 not I Ic~vc .  t)c\r.:i  tcstcti  btyorld that  effort  p c r f o r ~ l ~ c d  by thc 

devclopincnt con t r ac to r s .  Suc:l~ J. psograni  shot~lcl bc, i ~ndc~* t a l cc r~  in thc fut \ , r e .  

PUE3LICATIONS 

Nonc. 



The feas ibi l i ty  of  t h c r ~ n a l l y  s t e r i l i z ing  c lec t roexp los ive  squibs  and 

ticvices for u se  in plal lctary exp lor t~ t ion  s p a c e c r a f t  i s  being invest igated by 

t e s t s  with p r e s e n t  s ta te-of  - t he - a r t  h a r d w a r e  i t ems .  

S T A T U S  

Squlbs f r o m  four rnanufactur c r  s  and two types of electsoexp1os:ve dev ices  

i ~ a v e  been  espo:;ed tr> r epcated t h e r m a l  s t e r  l l i ~ a t i o n  cyc les  and functionally 

tes ted .  The t e s t  r e s i ~ l t s  w c r c  (un:pnr.c.d w ~ t h  the r e s u l t s  of te:;ts on squibs and 

dc\ r lces  w~hlch ~ v c l - c  not the rmal ly  i)rc-conditioned. S a ~ n p l e s  of the e l e c t rocx -  

l~losivc. c lcviccs  nsccl l n  the (;SAD f c , i i l l ~ ~ l ~ t y  lrlodcl we re  cxpo:;ed to 2500 - g 

J l ~ o c k  pulses  and thcn  a~t i1~t tc .d  to t lc~l lonst l -s te  their  ahlllty to  withsiand the 

Linl~3.ct oi a  p l , ? n ~ ' t c i ~ . y  landing. 

'The fo!lo\ving squibs and cieviccs xvere t e s t ed  dur ing th is  r e p o r t  period: 

Atlas I G S  - 14 1 squib Candidate for M a r i n e r  M a r s  

1969 pin-pul ler  

Space Ordnance  Systenl  AS1 srlllib Candidate for Mar ine r  M a r s  

1969 pin -puller  

I J i - shcar  P C  - 4 2 - 0 0 5  :;cluib Surveyor  p r  c s  s u r e  valve squib 

IIolex 5700  squib Igni ter  squib (adcli t io~lal  igniter  

t e s t s  a r e  covered  i n  . ,epara te  

r e p o r t )  



Atlas  I M T - 9 0  pln-pus1:cr 

JPL 10024212 bolt  c u t t e r  

Developed for JPL CSAII bocj1-11 

r e l e a s e  

Developed by JPL for CSAD 

p a r a c h u t e  r e l e a s e  ( u s e s  H i - s h e a r  

P C 4 2  -005 squib)  

STERIL,IZATION METHOD 

The squibs  and d e v i c e s  w c r e  exposed t o  f r o m  one t o  s i x  s t e r i l i z a t i o n  

c y c l e s .  E a c h  cyc le  cons i s t ed  of a  56-hr  s o a k  a t  275OF (135OC). 

TEST MI*:?'IIOL)S 

E a c h  scjuib w a s  ~ n s t a l l c t l  In a  c l o s c d  p r e s s u r e  bornb with a c r y s t d l - t y l ~ ~  

P I C S S U I ' C ~  t ra~ ' sc lucc*r .  A coiis t~:nt  cllrct t c u r r e n t  p u l s e  w a s  applied t o  thc 

b r i d g ~ ' \ \ l ~ c  of thc  scl~tiL. C t ~ r r c n t  arid o i ~ t p u t  p r e s s u r e  v c r  s u s  t i m e  w c r c  

r c c o s d c ~ c l  on dn oscilloscope. ccinlr.ra. 

Eacli J P L - d c v c l o p c d  bol t  cu t t e r  was  a s s e m b l e d  with an 0. 190-dia ,  

l 8 0 ,  000-ps i  boit,  and ~ t s  s q l i b  was  f i r e d  with a  dc  pu l se .  

E a c h  p in -pusher  was  installed on a  r a m p .  I t  w a s  ac tua ied  with a d c  p u l s e  

and  the pin p rope l l ed  a s lcc l  b a l l  up the  r a m p .  T h e  c u r r e n t - t , m e  and the ti,r.c 

i l - i t~rvi i i  for t ; , ~  t a i l  to p d 3 5  two c lcc t r1cal  C O I I ~ ; L C ~ S  on the  r d r ~ r p  w r c r e  r e c o r J c d  

on  an  o s c l l l o s c o , ~ ~  c;inlc.r.ci. 

130lt c u t t t > r s  i111cl ~ ) i r i - ~ )  l s h ( > r s  W C I C  C X P O S C ~  t o  2500 g S ~ O C ~  1 3 1 ~ 1 s ~ ~  of -- 
1. 25 m s  clu~.st ion a n d  t1)t.n ac-tu;itcd a s  dcscs i l~cc l  above.  

T h e  sciuib f i r i n g  sc.nsitivity, a s  de te rmined  by the f i r ing  delay  a t  cons tan t  

c u r r e n t ,  was  con-~par  c.d on 5tc.r ilizecl and u n s t c r i l i z e d  squ ibs  and a t  s e v e r a l  

l e v e l s  of f l r ing c u r r e n t .  

Tlie s q i , ~ ' ~  o u t p ~ i i  j,rc s-.ui.c was  comparccl  on s t c r l l i z e d  ~ n d  u lzs te r~ l l zc  d 

s a m p l e  s .  



,.- i ' h e  o i l t p i~ t  (:riel-gy of t : i ~ :  ; ; > i i l - i ~ u s ~ i e r ,  a s  ii-~dical;ei! b y  tile vt2Loc : y  of the 
- .  - -  

., ::-:,i .~all, \~;ns corr:;>arird vzitr; tl:e :lit r g y  i r o r r l  i i a : s~e~ i l i z cd  --.* r - A ~ - p ' : s e r  3 .  

-7 3 

1-.e bo l :  c u i t e r  funct iol i  y\-2; ~ v ~ ~ e i ~ t  f r o m  the separation of thc 0, 130- 

dia bolt.  

'The A t l a s  IGN-141 sci:ilb 1s not su i t ab le  for t h e r n ~ a l  s t e r l l l za t ion .  T h e  

otiler , , ~ ~ u l l , s  sn(l d t ~ v l c c s  wc rc: not afCcctcc1 b y  c x p 0 ~ 1 1 r e  t o  275" 1.' ( 1 3 5 ° C ) .  ' rhc  

p in -pu< , i~e r  and 1)olt c ~ r t t t r  wlll  o1 ) t  rd tc  : , ; i t i s f c ~ c t ~ s i l y  a f t e r  e x p o s u r c  to 2500 - g 

shock. 

PUlSLICATIONS 

None. 

S T E R I L I Z A B L E  PY1IOTEClTNIC SUBSYSTEM DESIGN, W. S. W u e s t  

Tllc objec t ive  of  t h i s  woi.li w a s  t o  v e r i f y  the stel . i l izabil i ty of the c n p a c i -  

to r  <i ischnrg(,  scluil~-lirirll; trircliit. Thc effort was o r g a n i z e d  a s  a subsystem o f  

t l ~ c  C ; L ~ ~ S U ~ C  sy  st^ LII adva11~: ~ t d  ( I ( :  v~ , lo i )~i~c: l l t  ((:SAD) p r o g r a m .  One  s c t  of f l ight  

li;~t.tlx\,arc and on(,  :;ct of o i ~ c . r ; ~ t i o ~ ~ ; . \ l  s i ipport  ccluipment w c r c  f a b r i c a t e d ,  and 

s\ lpl>ort  was: 1cnt to thc  c;ip:;rllc ilL:sii;n and s y s t e m s  t e s t .  

T h e  p iogr~111  1s liO\FJ ~ 0 ~ 1 1 p 1 ~ ~ t e .  l?ll ob jec t ives  w e r e  success fu l ly  ~ C C O I I I -  

p l ishcd.  The pyrotechnic s u b 3 y - t e n ~  w a s  5ubjec tcd  t o  the  p r e s c r l ; > e d  s t c r i l i ~ a -  

ti011 cyc le  a s  a  componerlt  of the CS'113 f cas lb l l i ty  m o d e l  and subsecjucntiy 

passed ~ t s  operating ci - i tc r la  In c onjrinctlon with the c a p s u l e  systei-n. 

r 7 i l i c  pyl-otcclinic s~ll jsystcrr i  was  cap;ible of redundantly csccu t ing  f ive 

pyrotc!chnic cvc-nts: cap:;i~l(: s c i ~ , x i i t i o n ,  s p i n - u p ,  dc l lec t ion  mote;. ignit ion,  

tli::;pin, ;inti rn;lnc:uvcr paclcagc: : ; o ~ a r a t i o n .  ?'he f i r ing  unit  weighcd 3. 16 Ib. I t  

. LY;~.:; , . i>;trt o f  thct rnanc:llvei- ~jac-:ltn~>e, hcncc. was  je t t i soned and did not contr ibi l le  
I 

!o tl:r- e i i tvy  wciiiht  of  t.i:c cap:;\ lI~:,  



T h e  c a p a c i t o r  d l s c h d r g e  type of squ ib - f i r ing  c i r c u i t  w a s  u t i l ized .  Th-s  

p e r m i t s  the  n u m b c r  of squ ibs  which a r e  f i r e d  sil-nultaneously to be  independent  

of the  c u r r e n t  capabi l i ty  of the s p a c e c r a f t  b a t t e r y .  T h e  c i r c ~ , ~ t  which hvas u s e d  

w a s  subs tan t i a l ly  the  s a m e  ; s  the  M a r i n c r  M a r s  1969 squ ib - f i r ing  c i r c u i t .  T l ~ c  

CSAD unit w a s  capab le  of f i r ing  four sciuibs s i rnul tancously ,  I t  a l s o  iulf i l led 

the rccluircnlc~nt  to  f i r ( ,  two iavcnts s i n ~ u l t a n e o u s l y  - c a p s u l c  sixparation and 

spin-up.  All squ ibs  w e r e  of tile 1A/  1 W  type,  I Iowcvcr ,  due  to thc ene rgy  

s t o r a g e  concept ,  the n~a.;iml-lrn c i i r r c n t  r c q u i r e d  fro111 thc b a t r c r y  w a s  l e s s  

than 30 ma. 

A r a c k  o f  operational suppor t  equipment (OSE) w a s  fabricated to t e s t  :he 

subsys ten l  both a s  a  component  and a s  a p a r t  of the  c a p s u l e  s y s t e m .  Tllc OSE 

a l s o  incorporated provisions for  t e s t ing  a  squ ib - f i r ing  c i r c u i t  which w a s  p r o -  

vldecl by o t h e r s  and 1ocdtr.d :n tlic-. CSAI)  l a n d e r .  

The objcc t ivc  of th is  t;i:;lc i s  t o  dermonstrate f eas ib i l i ty  and solve  tile 

cnginecr ing  p r  oblcrn s irivolvccl in s t c r  i l i z a b l t  sol id p rope l l an t  n lo tos  s .  

STATUS 

B e c a u s e  of r educed  iuncl~ng l c v c l s ,  work  on s t e r i l i x a b l c  sol id propc~ll :  nt 

m o t o r s  was  contln~1c.d a t  a vc:ry low l t v c l ;  t h u s ,  s i g n i f i c < ~ n t  sc: ,ul ts  havc  not 

been obta iric-d. 

Worlc toward  tllc G O - - I \ )  :>tc ~.iliz;iLlc~ m o t o r  feasibility dcli>onsti.atioil  i s  

pldliiiccl to (o i , t i n i l c  c I i , l - ~ : ~ ~ ;  t i  c ricxt 6 1710. 

P U B l i I C A 7  IOKS 



d ' : ' k ~ R L ~ ~ L L l \ l ~ I ~ I + ~  J A I Q U i I l  l3i<(Il'J LSION SYSrI'E:M ! J ~ ~ V J L ~ L O I ~ M ~ ~  NT 

N,\SA W o r k  U111.1 186-58-08-02-55 

JPL  3.14-82101 - 2  -3840 

M, E. Guenther 

OBJECTIVE 

?'tie objective of this  worlc ul2it 1s t o  develop the  tecllilology r equ i r ed  for 

t l ~ c  US(, of senlcd,  ctllylcnc o:;itlc-compatible, hea t - s t e r i l i z ab l e  l i q u ~ d  propu l -  

s i o n  sysic:m~. S t ~ c l ~  system:;  wlll ?,c r c q t ~ i r c t l  for p robes  o r  c;ipsules that 

crltcr planctliry a t m o s p h c r c s .  ' L ' h ( 7  llquitl slipply s y s t e m  tecllnolol;y will a l s o  

have a1,plicdtion a s  a 1nonopropcll.tnt stlpply s y s t e m  for  a turbocilternator 

ar ls l l i s ry  power unit  d r i v e n  b y  gd!jCOUS prodncts  fo r  hydraz inc  decolnposit ion,  

The  bipropellant  work  1s b e ~ n g  handled p r i m a r i l y  by a n  indus t ry  c o n t r a c -  

t o r .  The  con t rac to r  h a s  concluctcd a dcs ign  and experilmental investigation,  

and h a s  pe r fo r lned  a fcaslbll l ty demons t ra t ion  of a s t c r i l l z ab l e  liquld b ip ro-  

pcllant  propuls ion sy s t em.  T o  cc>nciuct this  p r o g r a m ,  the con t rac to r  des igned 

a n  ~ n t c ~ r a t c d ,  ~ n o d n l a r  l~ ip ropc . l l , ~n t  .yr.tcrn, p rocu red  the rcquireci component 

pa r t s ,  ~ n d  n s :jctn>blcd thc coil~poiicixts lllto a complc tc  sy s t e~x l  i-noclule. The  

sys tc ln  iliodtllc wcls ~ ~ ~ 1 1 j ~ c t ~ ~ l  to ctliylenc oxide exposure .  T l ~ c r m a l  c y c i ~ t ~ g  of 

1hc bya tern 1110(1t11t W A S  c o~llpl(:t(d. , A I - L ~  a succe s s fu l  clcrnol~s trrrtion f ir ing of the 

a i c ~ r i l l ~ e i l  s y s t c \ ~ n  M C L S  c ollciuct(~d J,t11ilary 16 ,  1968. I3ost t e s t  inspections 

rcvcalcd L i r c x , ~ h  of ~ i c g r d d ~ ~ t ~ o n  111 illdlvldual coinpollcnts b u t  probably not d r a5 t l c  

enough to cause  a t e s t  falltire. !Iowever, t l ~ c s e  p rob l em a r e a s  d e t r a c t  f r o m  d 

l1;gh c o n i ~ d e n c c  l eve l  and plans w e r e  made  to c o r r e c t  t h e m  and to r e p e a t  the 

delxlonstratiorl f i r ~ n g .  More  extensive compatibil i ty tes t ing of m a t e r i a l s  was  

a l so  a dccldcd r equ i r emen t .  To  accompl i sh  these two t a s k s ,  a supplement  to  

the exlst ing (951709) con t r ac t  was initiated and should be executed approx i -  

mate ly  July 8, 1968. The  siipplemental effort  valued a t  ap lxox i~~- ia te ly  $95000 

w1l1 cover  nca r l y  6 m o  effort  in tirne; $45000 is beingfundcd f r o m  the exis t ing 



F'Y 68 funds  and appros in ia , e ly  $50000 i n c r e m e n t a l l y  f r o m  F Y  69 funds .  -4 

d r a f t  of  the  f ina l  r e p o r t  c o v e r i n g  the  in i t ia l  c o n t r a c t  e f fo r t  h a s  b e e n  submi t t ed ,  

A s e c o n d a r y  (back-uy;) e f f o r t  w a s  in i t ia ted  in -house  for  F Y  68. T h i s  

i n - h o u s e  e f f o r t  i s  in the f o r m  of a  proto type  monoprope l l an t  s y s t e m  c a p a b l e  of 

wlthstancling the  s  t e r l l i za t lon  cnvi r  o n ~ n e n t  without appr  eciablc: d e g r  adatlol l  of 

p e r f o r m a n c e  when t c s t  f i r ed .  The  preliminary prototype  s y s t e m  was dcflned.  

P r o c u r c r n c n t  o f  a l l  ( 01nponc.nt5 cxc-c~pt for  thc p ropc l l an t  c x p ~ t l s i o n  tanL a s ~ , c m -  

bly wa :, ini tlat(:cl. 7'11~. n ~ o ~ , o l ) r o p c ~ l l a n t  sy  s te in  will  u t i l izc  colnponcnts  clcvclopccl 

f r o m  c.xixtirig in-hoktsc. c1ffot.t~ and  t 1 1 ~  M a r t i n - D c ~ l v c r  c o n t r a c t ,  r I ' cc l~nologica l  

i n f o r l n n t ~ o n  g r ~ i ~ ~ c . c l  fro111 the* M'irtin-Llcnver c o n t r a c t ,  a s  wc l l  a s  in-hoi~sc.  

info]-matinn,  wil l  bc ftllly ut i l lned in  t h c  f inal  des ign  and a s s c r n b l y  of a  sys ,c ln  

module .  T h e  flnal d c s l g n  <ind componcnt  procurerr lent  i s  expec ted  t o  b e  corn-  

p le t ed  d u r i n g  the  f i r s t  half of $'Y 69. A s s e m b l y  of the  monoprope l l an t  s y s t e ~ r l ,  

sterilization cycl ing ,  and a dcn lons t ra t ion  f i r ing  a r e  schedu led  for  comple t ion  

b y  thc  cnd of F Y  69. 

PUBLICATIONS 

C o n t r ~ l c t o r  J<c.ports,  Intc-1-1,11 and F i n a l  -- - - - - - - - .- - - - - - -- . .. -. - - 

1. Lukcn:,,  S. , 1'1 ojc c t  M,inagcr, Mnl-tin C o r p .  , Dcnvei. DlvlL,,on. 
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Llenver L)ivl si on. Nos. MCIi -67 - 15, Fir s t ,  Second,  T h i r d ,  F o u r t h ,  

F i f th  I s s u c ,  Jl'L C o n t r a c t  951709. 

3. Urady ,  E I .  F. , and Di  Stefano, D . ,  F i n a l  l i e p o r t ,  M a r t i n - M a r l e t t a  

C o r p .  , Dcnvcr  I l lvision,  MCR-68-  119. 
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OBJECTIVES 

T h e  long- range  objective of t h ~ s  work  unit is to  es tab l i sh  a comprehens ive  

l i s t  of po lymer i c  products  su i t ab le  f o r  spacecra f t  appl ica t ions  which c a n  with- 

s tand ethylene oxlde decont i l l i i~ la t ion and  t h e r m a l  s t e r i l i za t ion ,  A s  a n  espan-  

s ion of p rev ious  stuclies, the F Y  68 work lras includcd thc  study of the  ef fects  

of an  at1cllLion;tl cnv i ron~ncn t :  l o ~ l g -  t c r rn  (500 h r )  t hc rn l a l -vacuum exposu re  
-6  

(135"C, 10 t o r r )  which L , L ~  be  con:,itlcrcd as  s imulat ing a spacec r a f t  

cnvil*onrncnt. 

During the  l a s t  half of b'Y 58 tile polynzcric l r la ter ia is  s tud ies  conducted 

at  the Autorlctics Division of North 121nerican Rockwell  Co rp . ,  and which w e r e  

or ig inated fro111 E'Y 67  funding, w e r e  completed with the  i s suance  of a f i na l  

suulnlary  r e p o r t .  Tllcsc stuclie:, evaluated the  conlpatibi l i ty of s o m e  180 ma te -  

rmls  to exposurc  t o  etllylcne oxlcle, p lus  t h e r m a l  s t e r i l i za t ion  c y c l e s  a cco rd ing  

to  3PL Spec VOL-50503-LTS,  'The p o l y ~ ~ l e r i c  p roduc t s  w c r e  s e l t i t e d  f r o m  20 

different ~ ~ ~ n t e r l d l  categol-lcs su:h a s  n d h c s ~ v e s ,  sea lan t s ,  larninc,tes, etc.  

After  c a ~ h  ~ I ~ ~ L ~ , C I - L < L ~  x v a h  ~ L V ~ I I  t  I C  ~ l c ~ o n t i l i l i n a t i o n  and  stcri1:zatlon t r c a t l ~ l c n t s ,  

p h y s ~ c a l ,  l ~ ~ e c h , i n ~ c n l ,  ~ 1 1 c l  L ~ C L ~ Y ~ L ~ L ~  property c h a ~ ~ g c s  w c r c  a ~ j s c s s c d  and  com- 

pn t l b~ i l t y  r , ~ t ~ n g s  L,xsed on  t l ~ c ~ s c  clinnges wc re  a s s ~ g n c t f  to  e ach  r l ~ , l t c r ~ < t l .  

Of the total  rumh her of ~ ~ l a ~ c r i ~ x l s  itzvcstigatcd, approximately  50% could 

be c l a s sed  a s  conlpatible to  l1;'TO plus t h e r m a l  s t e r i l i za t ion ;  23'70 w e r e  r a t ed  

rnarginal  and  the  balance,  27% w c r e  found noncompatiblc.  It1 addlt ion t o  the  

e s t a b i i s h ~ n c n t  of the  good spacc  g r a d e  i l ia tcr ia ls ,  i t  i s  of equal  impor t ance  that  1 

the noncompatible m a t e r i a l s  have been  de te rmined  and  c a n  now be c l i l ~ ~ i n a t e d  

fro1-n any f u r t h e r  cons idera t ion  a s  spacecra f t  ma t e r i a l s .  



During t h i s  sarrlc F Y  68 pc r lod  the  po ly rnc r i c  r n a t e r i a , ~  stuclies b2ing 

conducted within t h c  J I J L  ~ , i , z t e r i n l s  sec t ion ,  a n d  which a r c  a n  cx tcns iun  oi  t h c  

Autonc t i c s  ~ l n d  p r e v l o u s  work,  havc  bc~cn  continuing.  In  t h i s  progra l l l  appl -os i -  

ma te ly  25  m a t e r i a l s  ~1r.c  being evaluated f o r  cnnlpat ib i l i ty ,  not only t o  ETO and 

t h e r m a l  s t e r i l i z a t i o n  c y c l e s ,  but a l s o  t o  a  t h e r m a l  vacuunl  e x p o s u r e  of 500 h r  
- 6 a t  135°C and  1 0  t o r r .  T h i s  l a t t e r  envi rontnent  i s  a s i m u l a t e d  s p a c e c r a f t  

envi ronnlent .  

Dur ing t h i s  l a s t  pe r iod ,  t h i s  m a t e r i a l s  inves t iga t ion  h a s  p r o g r  c s s e d  t o  a n  

o v e r  -all p r o g r a m  comple t ion  of approx imate ly  70%. P r o g r a m  planning,  s a m p l e  

p r o c u r  etnent  a n d  p r  eparat iorl ,  and  ETO exposur  c a r e  e s s e n t i a l l y  co lnp lc te .  

T h e r ~ r l a l  s t e r i l i z a t i o n  h a s  a l s o  p r o g r e s s e d  t o  60% c o ~ ~ l p l c t i o n .  Dur ing  t h i s  

s a m e  pc r iod ,  con t rac tua l  a g r c e l n c n t  w a s  m a d e  with S t a ~ l f o r d  R e s e a r c h  lns t i tu tc  

f o r  t h e i r  t l ler l-nal-vacuum c x p o s u r c  w o r k  of t h i s  p r o g r a l n  T h i s  l a t t e r  e x p o s u r e  

w o r k  is 2 5 %  ccomp1ctc:d. 

In  z~tldltion t o  the  1l1,it c.r 1~11s s t u c l ~ e s  wi th in  the  n ~ a t c r i a l ,  sec t lon ,  I C  w a s  

a lso planllctl 111 FY 6 8  t o  clcvelop within tllc M a t e r i a l s  T e s t i n g  L a b o r a t c r y ,  a n  

ETO s t c l - i l z ~ a t l o n  ay>pars tua ,  During thc  l a s t  p e r i o d  a thorough r c v i c w  of the  

c o m ~ n e ~ - c i n l l y  ava i l ab le  e c i ~  i p n ~ c n t  and a n  a p p r a i s a l  of v a r i o u s  vendor  b lds  w e r e  

m a d e .  An cquipnlent  s o u r c e  se lec t ion  w a s  u l t i ~ n a t e l y  complc tcd .  T h e  cqu-p- 

ment h a s  been  orcicr cd dnd de l lvc ry  and  installation is an t i c i  ~ a t e d  during t h e  

f l r s i  half of F Y  69 .  

FLJTURI; PLANS 

It i s  l>rojcctet l  that  the  I ) I - C S C I I ~  poly111~r lc  ~ ~ ~ i l t ( ~ r ~ ~ ~ l b  bt~ir l ies  wi l l  1 ) ~  C C ) ~ I ~ -  

p letcd within the. f ~ l - s l  I i , t l f  of ?%'Y 69. I11 czdclltloll t o  t l lcsc  ac tLvi t1cs ,  tl-ic. 12'5 67  

ob jcc t lvcs  uil(le1- t111s w o r k  ~11111  wil l  a l s o  incliid(h ( 1 )  L h c s  i11v~'stigation of tllc 

i n t c r a t  tiorls of s c v e r ' ~ 1  1 ~ 1 r l t ~ l . l d . l ~  C X ~ ) C ) E , C ~  s i ~ 1 1 ~ ~ 1 1 ; ~ n ~ o ~ s l y  t o  tllc v a r i o u s  s t c r i -  

l l za t ion  ;inti s i rnu la~( :d  s ~ ) , ~ c c ~ c s a f t  cnvl ronlncnts ,  and ( 2 )  tllc c o n ~ p l c t i o ~ ~  of  t hc  

devcloplncnl  c ~ f  t hc  1,;'1'0 c x l ~ o s u r c  fac i l i ty .  So1nck continued e l for t  i n  the  oxp'ln- 

s l o n  of  the quallf led p o l y ~ n e r ~ c  m a t e r i a l s  l i s t  i s  a l s o  ant ic ipa ted .  



1. Lee, S ,  hf. , and Licar~, J. J . ,  "Effects of D i t c o n t a m i ~ ~ ~ ~ ~ i o n  and 

Sterilization on :5paccc~.afl Polyrrlcric M a t e r i a l s ,  I '  A u t o n ~ t i c s  

Division of N o r t h  A m e r i c a n  Roclcwell  C u r p , ,  F i n a l  Repor t ,  JL'L 

Contract 951566, Jan. 12, 1968. 
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11. F. Hol tze  

OBJECTIVE 

T h e  long-r,xngc objcctivc of th is  work  unit is t o  develop and qualify 

s t c r i l i z t b l e  t r ~ , ~ t  cri ; l l  n p p l ~ c a t l o n ~ ;  c l~ld  processes f o r  d s se i~ lb l i ng  ant1 packaging 

r j f  clcitruliic: c~c~r~ipinent .  '171ic p~csc:nt  c f fo r t  wil l  atterllpl Lo clctermine the  

c:ffcr,L s t c r i l i ~ ~ ~ x t i o n  11,xs 011 p11ysic~~1 01- cllcrllical in te rac t ion  bctwcc>il e l l lbcd~nent  

1 1 1 a t ~ ~ i d l s  ;111(I c0111p011clits l l i c~ t  woi11~1 affcct  the  functional  u se  of such  

P r e v i o u s  r e s u l t s  have indicated that  embedmelit compounds did affect  the  

func t io l~a l  p a r a l l ~ c t e r s  of c e r t n in  components  ernbedded i n  t hem,  as a r e s u l t  of 

tlie s t e r i l i za t ion  cyc les .  'The t c  st  data  indicated that embedment colnpou~ids  

exer t  a clefinitc p r e s s u r e  on elrlbcddcd col-nponents with the p r e s s u r e  i nc r ea s ing  

n:j n i-(:suit of stc:rilizntion. SYl~cll i l leasured a t  rooin  slmbient t en ipe r a tu r e ,  the 

pi-c.c,surc: c~c:rtc;tl i ~ y  ,i typic;xl sytrt~xctic f o i t ~ n  i n c r e r ~ s c s  fro111 1200 to 1900 psi 

d t e r  Iiavi11g l > ~ ~ i l  sti l>jec:tcrl to sLc:riliz;iticjn condit ions.  'l'his increased p r e s -  

. .  :-;urc 1-1~s ;in cill(:trt ( 1 1 1  cc i - t ;~ i i l  I ) ; ~ S ; L I I : C I C ~ S  of components9  nota131y the r c s i s t o r  s  

&I;(! c,ip;:~itol-s. 'L'llc pl-c:;c:~lt \vo1-I( is d<:sii;ned to  c\raluatc s t e r i l i za t ion  cff cc t s  

on adc l i t i ou~~ l  ci~lbccinletlt illatcl-ials 2nd the  effect that  t he se  s t e r i i i z ed  t r ~ a t e r i a l s  

have on  the  pn ran l e t c r s  of c e r t n in  s e l ec t ed  components.  

A to ta l  of 12 differel l t  cot-ilponents was  t e s t ed ,  These  c o ~ n p o ~ l e n t s  w c r e  

se lec ted  f r o l n  the  s te r i l i zab le  component l i s t  i s sued  by  JPL and  include f i ve  

r e s i s t o r s  of va r ious  t y p e s ,  t h r e e  di f ferent  c apac i t o r s ,  two types  of ilzductoi-s, 

one diode, and ollc t h e r m i s t o r .  All  conlponents have been  p r o c ~ r e d ,  burned-in 

d t  275" 1<-, s c r e c n c d  f o r  opcl.,lting c h a r a c t e r i s t i c s  and f ab r i c a t ed  rnto typical  



cordwood- type  m o d ~ ~ l e s .  A ~ o t a l  of 2 0  p a r t s  of e a c h  of t h e  12 d i f ferent  t y p e s  

whs  embedded i n  e a c h  of t h e  5 m a t e r i a l  s y s t e n l s  being t e s t ed .  A c o n t r o l  s y s -  

t e m  containing urlembedded componen t s  w a s  a l s o  inc luded.  F ~ g u r e s  9. and  2 

i l l u s t r a t e  typica l  modules ,  both bcfor  e  ancl a f t e r  embedn~ent ; .  

All  moclulcs llc~vc beer1 errlbeclclcd and t e s t e d .  E'our d i f f e ren t  enlbcdlncnt  

rrzatcrials w c r c  u s c d .  1'1.0ct sslilg clifficultics w e r e  e n c o u n t c r c d  with a f l f lh  

r n r ~ t c r i ; ~ l ,  ant1 scl lcdulc l i r 1 1 i l ~ ~ t i o 1 1 ~  f o r c e d  d i scon t inuance  of t h l s  m a t e r i a l .  ?'hi: 

f o u r  111atcri;lls Lcing ti-tlc.(l wcal.c (1)  S tycas t  1090 fro111 LC111crson ; t~ld Cutnrning 

C o r p ,  , nlccl ing MSI!'C Spc:ci l ic;~t ion %22i3-'Tyl>c I V ;  (2 )  Sco tchcas t  5090, Min-  

nesota  Mining a n d  Manufactul-ing Co. ; (3 )  Sco tchcas t  281,  Minnesota  Mining a n d  

Manufactur ing  Co.  ; ( 4 )  S tycas t  2850 Fl' f r o m  E m e r s o n  a n d  Culm.mil;g Gorp.  , 
meet ing  MSE'C Speci f ica t ion  Z22B-Type 111. 

Opera t ing  para l - r le ters  of e a c h  corllponent i n  the  embedded  and  c o n t r o l  

( u n e n ~ b c d d e d )  r r ~ o d u l e s  havc  Occn dc te r rn ined  a f t e r  e a c h  of t h e  fol lowing m a n u -  

f a c t u r i n g  o r  c n v i r o n i ~ ~ e n t a l  tc s t  ; , roccdures :  

(1)  E'abric;~ t ion  in to  corclwood-type nlodulcs 

(2) I';rnbc.clr~,c.r~t uC,llllr belcc Led ~ l l i ~ t e r i a l s  

( 3 )  I ' ; X ~ ~ O S U I ~ L  to L o t h  1$:'1'0 ancl t l l v r ~ n a l  s t c r i l i za t io i l  collditions 

( 4 )  J ' ,xposurc L C )  lov, Lc~tipc~rnli.~r.c ( -35"  E') 

I11 nclclltlon Lo tllrl cl~il~cr:dc.cl ~or i lponc~l l t  nloclules, t e s t  w o r k  was  a l s o  doile 

t o  de tc r ln ine  the  ac tua l  p y c s s ~ l - ~ L  that  the  d i f ferent  e ~ n b c d ~ l l e n t  l n a t e r l a l s  clid 

e x e r t .  This c l c t e r m l n a l ~ o n  w;,s rllade using the  t h e r ~ n o n l c t e r  en;bcd~nent  ~nctlioci 

ancl a l s o  by m e a n s  of p r e s s u r e - c a l l h r ~ t e d  c a r b o n  compos i t ion  resistors ~ n c o i .  - 

pora ted  i n  the cordwood m o c i ~ l c s .  P r e s s u r e s  e x c r l c d  by each  rna te r in l  ~ ~ ~ ~ r c  

d c t c r l n ~ n c c l  a1tc.r crnl~c.rl~.rlcnL, s t i r ~ l l z ~ i t x o ~ l ,  and low t c l n p c r a t u r c  cxposurc .  Jt 

i s  hoped t l ~ ~ t  a n  anal j rs i s  of tlic clnla Inay rcvez~1  a  cor1-elat ion L c t ~ v c c n  ll~ts ,,rcTs- 

s u r e  cxcrLct1 0 1 1  .L colrly)r)~l(~nl ~ n c l  llic a~notl i l t  01 vnr ia t ion  111 tllc. r . lcctrical 

y ~ ~ ~ r a r r 1 c t c . r ~  of tlic. co r i~ , )o~ lc~n t .  



All tes t  w o r k  has been co!npletc.d 2nd the bas ic  data obtained. :hese 

,,ca w r l l  be analyzed and a f inal  repc)r t  i s sued  dur ing  the first q u a r t e r  of 

F Y  69. 

PUBLICATIONS 

None. 
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O B J E C T I V E  

The broad  ohject ivc  of thi,s work  unit w a s  t o  a s s u r e  the  avai labi l i ty  of 

s te r i l i zab lc  f l ight- type ~nu l t i p in  c l c c t r i c a l  c o ~ i n e c t o r s ,  e l e c t r i c a l w i r c s ,  cabl ing 

a c c c s s o r i c s ,  and satlio f r  c:riticucy conilectc-,rs and cab lcs .  'The speci f ic  obj ec  - 
t ive f o r  tllc ~ X L S ~  6 i r ~ o  W;FS 10 v ~ : ~ - i I y  t l ~ c  s t c r i i i z i t t i ~ ~ x  cnpnl~ i l i t i e s  of a s s c ~ > ~ b l i e s  

of !;clcctc:tl p ; ~ r t s  Ijy ~ i c t c r ~ ~ ~ i ~ l i ~ l j :  vV,11ctl~cr C X ~ U S I I ~ C  to d e c o l l t a ~ r l i t ~ a t i ~ l ~  and 

u ~ c r i l i z ; ~ t i o t ~  c:i~viro~-ttrlc~lt:j rcsultc:l_l i n  ricj;rad;~tion of fur lc t io l~  o r  

'l'I.ii:j wol+ic. uniL \ \ , C L S  closed r j t l t  nt t l ~ c  cud of FY 68, 

T11e scope of t e s t  work wds l i ln l tcd  to  c v a l u a t ~ o n  of assc i l lb l i es  using 

l n r t s  nlade of i l la ter ia ls  fo i~nd  to b e  ,Lerilizable u~lcier o ther  NASA w o r k  uni ts ,  

,tild of des lgns  which were  tllougllt t o  be coillpatlblc wltll sterilization and app l i -  

cat ions 011 fu tu r e  sp,tcecraft,  It _ s  poss lb lc  that  p a r t s  made  f ro rn  s t e s i l i ~ a b l e  

~ n n t e r i n l s  n lny  not wrthstand a t e r i l i ~ a t i o n  e l lv l ron~nents  due to  nlutual  c h e ~ n i c a l  

o r  pllystcal e t fcc t s ,  Fo r  essl l~pl t : ,  oile Loliccrn was  the  finding that  a  t e l l s ~ l e  

lo,xcl of 1 2  01, \ ~ o n l t i  c<\\Ise ~ ,o l r l t~ rcd  l~oolrup w l r c s  to I)e pulled out OL so lder  c r ~ p s ,  

'1 5 ro;~ortc.cl Lrr L~ wt~rlc  crlllt L I I L L ~  l c  d " S t e r l l ~ ~ , t l ~ l c  Soldcrcd Conncctrons. " The 11, 

too, c;itlcnl c l l c c  Irlc:,rl p< l r r~ l l l (  Lcrs ( > I  liLc C O I I I I C C ~ O ~ S  and  ca11les colild change 

tltlc to pl iyslc,~l  lnt ( , ~ L L c L L o ~ I ~ .  ( ; c ~ i l c \ i ~ l t ~ L ~  111ult1[3in c o i ~ n c c t o r s ,  lrookup w i r e s ,  <tnd 

cabling accessories w e r e  tcslct l  111 :,unulatccl spacecra f t  subsys tc ln  113rlless 

a s s c ~ n b l i e s  ( Fig. 1). Radio f rcqucncy  connec tors  and  cab les  w e r  c: t e s t ed  as 

unsupported a s  scrnbl ies .  

ACCOMPLISHMENTS 

All of the  planned exposure  cyc l e s ,  a s  wel l  a s  e l e c t r i c a l  and  phys ica l  

t e s t s  of the  s ad io  f r cyucncy  co~l . l ec to rs  and cab les ,  have been  c o n p l c t e d  and  

til(; po r t ion  of the  pldnned JPJ, 700 S e r i e s  r epo r t  pertaini t ig to  t h c s c  ha s  bccn  



writtcrl .  Two cables ~ o n f i g u r a t j o n s  wi l l  not bc r c ~ c o m ~ n r ~ n d e c i  fo r  u s e  0 1 3  . 
s t c ~ r i l i z n b l e  spacecraft bciat~sc of i m p a i r e d  phys ica l  p r o p e r t i e s  resul t i r lg  fro111 

e thylcnc  oxide decontaminat ion .  In addition, one  g r o u p  of R F  c o n n e c t o r s  w a s  

founcl to  b e  unsa t i s fac to ry  b c c a u s c  an adhes ive  i s  used  which d e g r a d e s  a t  

t h e r m a l  s t e r i l i za t ion  t e m p c r a t u r c s ,  r e s u l t i n g  in unaccep tab le  m e c h a n i c a l  alid 

e l e c t r i c a l  changcs .  The  csposurc.s  and t e s t s  of the  s imula ted  s u b s y s t e i n  

h a r n e s s e s  havc  bccn a c c o ~ n p l l s h c d  and the  t e n l p c r a t u r e  sterilization c y c l e s  a r e  

75% conlple ted .  Whilc s a m e  polyrncric m a t e r i a l s  have  b e c o m e  d i s c o l o r e d ,  no 

s igni f icant  e l e c t r i c a l  o r  physlca l  degrada t ion  of harnc3ss c o i ~ l p o n c n t s  h a s  been 

noted. S ince  a l l  E 'IO decontaminat ion  has  bcen complc tcd ,  c loseou t  of thc  

c o n t r a c t  with N o r t h r o p  SlxLce T,abol.atories f o r  t h i s  ac t iv i ty  h a s  b c c n  inl t iatcd.  

Sinc c  t l l i s  work  unit will  not brk continuchd, the  conclus ion of the  h , l r n e s s  

t e s t i n g  will bc a r  c r ~ i n l , l i s h < ~ d  under  NASA Work Unit 186-68- 10- 10-55,  

"lCvaluation rind Qunlific a t ;on  of Conncc to r s  and W i r e s .  " C o n n c c t o r s ,  w i r e s ,  

c a b l c s ,  ant1 cabling a t  c c ~ s s o r i c s  which havc  bccn  shown t o  bc c a p a b l e  o; with- 

s tanding c l c ~ c o n t a m l n a t i o ~  and stc.rilization wi l l  b e  incluclecl i n  JI'L Spccl f ica t ion  

ZPP- 201 0-SPL, "Elec t ron ic  P a r t  S t c r i l i z a t i o n  Cand ida tes  fo r  S p a c c c r a f t  

A p ~ l i c a t i o n s  " with t h e  a p p r o p r i a t e  indicat ion tha t  t e s t ing  of t h e s e  p a r t s  i s  

cornplctc~ arid t ha t  t hey  hClvc bcen accepted .  

I ,anc ,  E'. 1,. nncl J,cstc.r, I < .  W. , "Stc*rilization llCffcct:, o n  S(1lc.c-tctl 

S l )acccrnf t  C O I I I ~ C C ~ C ) ~ . ~ ,  W i s e s  a l ~ d  Ca1)lillg A ~ c e b s ~ l ' i c : , ,  J P L  

Xnforrrlnl T)oculrlcnt, 7 0 0  S c r i c s .  

PUIZ r,Icnrr ~oi\rs 

Nonc. 



Figure 1 ,  l y i i i c a l  l i a r  l e s s  and Fixture Asselnbly Simulating a 
Space i r a f t  Sut,iybtem Interconnect I ia rncss  





On JECTIVE 

T h e  ob jec t ive  of  th is  t a s k  i s  to suppor t  the  NASA t h e r m a l  s t e r i l i z a t i o n  

policy by studying the  t e m p c r a t u r c -  tirnc r c,lationships, the ef fec ts  of d i f ferent  

I lumbcrs  of t e m p e r a t u r e  c y c l e s ,   he e f f c c t s  of d i f f e ren t  r a t e s  of t e m p e r a t u r e  

and the  e f f e c t s  o f  dlff(src,nt storage, pcariods a t  t e m p e r a t u r e ,  These  

rc la t lon5hips  of thc: s t e r i l i z a t i o n  c~nvlrontl~c~nt . ;  w i l l  studic,d f o r  their e i f c c t s  

011 thca I-(>liabi l i ty o f  S O I I ~ C  r c ~ l ~ r c ~ ~ c ~ n t ; ~ ~ t i v t s  t .1c .c  ironic c o m p ~ ~ l c n t  picc-e p a r t s  

tltlring long l i  fc .  

LPP- 21 27-GEN-A,  Capaci tor  M , ~ t r i s  'Tcst (Li t ton  Systems) Mod. 1, T e s t  ---- -- .-- 

res \ l l t s  a s  of c o i ~ ~ p l e t i o r l  of the m a t r i x  phase  of the t e s t  p r o g r a m  ( s c e  Table I ) ,  

L l n c a r  r e g r e s s i o n  \vas u5ed to t c s t  the s ign i f i cance  of the  change ( t r e n d )  

o f  thc  p a r a m e t e r s  f o r  each  groul )  during the s i x  c y c l e s .  C r o u p s  F, M, I, E, 

and C circ thc  t e n ~ p c r a t u r c - t i m e  5trcssr:i  that JPL c o n s i d e r s  equally effect ive 

for heat  s i c r l l 1 ~ ; i t l o n .  The  ( J ~ I I ~ ~  g r o u p 5  hnvc bcen  inclutlcd in the  t c s t  p r o g r a m  

,o t ha t  h1ghCr tc~t1i!~er~itul-c-s~1o1'~(~r t i r n c  5 t r c s s e s  could b e  cva1uatc.d for f u t u r e  

1.cfi.rc.n~ e .  

Code 1 - Spl 'agu(* 35011, 39 ufrl, 35  v d c  so l id  tanta lum:  

T h c r c  w c r c  no catast l-ophic fni1urt:s. Thc capac i t ance  did n c ~ t  change 

signif icantly.  Eight p a r t s  c:tcectled thc 3O/0 cdissipation f a c t o r  ( D F J  limit. The 

D F  fa i lu res  by groups  w e r e :  

Group  -- 
C 
D 
G 

F a i l u r e s  G r o u p  

E-I 
R 

' F a i l u r e s  - 
1 
1 



G r o u p s  D and G exhibi ted an i n c r e a s i n g  D F  t r e n d  dur ing  ehe s i x  c y c l e s ,  

One hundrcd  fo r ty - four  p a r t s  csceeclcd the  10 p a m p e r e  l eakage  c u r r e n t  l imi t .  

T h c  f a i l u r e s  by g roups  w c r c :  

G r o u p  .. F a i l u r c : ~  C r o u p  F a i l u r e s  G r o u p  F a i l u r c s  --- 
B I Fi 12 L 1 6  
D 1 2  I 1 N I 1  
I; 5 J 12 0 14 
G 18 K 20 a 2 

R 2 1 

All  g r o u p s  except  Group  P exhibi ted a  s igni f icant ly  i n c r e a s i n g  t r e n d  in 

l eakage  c u r r e n t  d u r i n g  the s i x  cycles .  

Code 2 - Aerovox  V423XP, 1  ufd, 200 v d c  m y l a r :  

T h c r c  w a s  onc  ranc lon~  c a t a s t r o p h i c  f a i lu re .  T h e  lead  s e p a r a t e d  fro111 

the  lo l l  e l e m c u t .  Thcrc. was cnc, capac i t ance  f a i l u r e  in G r o u p  Q. All  g r o u p s  

except  Group  Q c~xhil>itc~cl a d c t  rc>asing c a p a c i t a n c e  t r e n d  dur ing  the  s i x  cyc les .  

I Iowcvc~r ,  t l ~ c  par t s  rc.~nninc-d we l l  within thC 10% t o l e r a n c e  limnt. T h e r e  w c r c  

no Dl(- failul*cs. Groups  C,  D ,  IJ:, E', G ,  I, M, N, F, B, C ,  and 1-1 exhibitccl a 

s igni f icant ly  d c c r c a s i n g  trcncl in D3" dur ing  the  s i x  cyc lcs .  T h e v e  w c r e  no 

insula t ion  r c s i s t a : ~ c e  (111) f a i l u r e s .  G r o u p s  3,  R ,  and L cxhibitctd a  s igni f , -  

cant ly  decreasing trcncl in  III dur ing  the s i x  c y c l e s ,  al though t h e y  r e m a i n e d  

v:cll within to lera i lce .  

T e s t  r e s u l t s  a s  of complc t ion  of 250 h r ,  of l i fe  tes t ing:  

Code 1 - S p r a g u e  350D, 3 9  ufd, 35 v clc so l id  tantalum: 

T h c r c  wcrcb no c a t a s t r o p l ~ i c  failurcxs dur ing  t h c  250 h r .  of l i fe  tc:sting. 

None or the  pa~. . ts  c:scc~crlc~d thc  capac i t ance  tolerance l i m i t s .  Scvon  of the p a r t s  

exceetlc.tl t h c  JIF l i m i t s  clurjng 250 h r .  of l i fe  tes t ing .  T h e  I>F f , ~ i l u r c s  l i s t  cd 

b y  ~ ~ O U I - ' S  a r c :  

G r o u p  -- 1"ailures G r o u p  -- .Fai l u r  c  s 
R 1 5 1 
n 2 K I 
G 1 R 1 



of ;;fc t e s t i n g ,  'She t \ v ( ~  p a r t s  t 'lat rcn>,~inccI out of tolcvsricc xvcre i n  

C;ro~.,j Q. Sl ne  pas t s  tha t  r en la inec  within to le rancc  l im i t s  ciuring tliL m a t r i x  

tcst  exceeded the to le rance  l im l t s  cLuslng the 250 h r  of l i fe tes t ing,  ?he DC 

leakage f a i l u r e s  l i s t ed  by groups  axe:  

Group  F a i l u r e s  Group F a i l u r e s  

3 1 Q 8 

Code 2 - Aerovox V423XP,  1 ufd, 200 v d c  mylar: 

'I'llere w e r e  no c n t a s t r o p l ~ i c  f a i l u r c s  dur ing the 250 h r  of life test ing.  

None o f  the p a r t s  cxcecdcd tllc cayjacitance to le rance  l im i t s .  '1'11c~c w a s  one 

DZ.' fai l l i re in C roup  G, bu t  t l ~ i s  is not consicicrcd significant .  NO il-isulation 

resistance fa i l u r e s  w c r c  noted. 

Conclus ions  

Code 1 

The capacital lcc of a l l  groups  has r ema ined  s tab le  throughout the m a t r i x  

t c s t  and the l i f e  t e s t ;  capaci tance  does not  appear  t o  be  a s t e r i l i z a t i on  tes t ing 

p rob lem,  A s  was  expected l rom p a s t  test ing exper ience ,  the DC lealcage 

f a i l u r c s  tcndcd to  r c cove r  dur ing life test ing;  but f a i l u r e  dur ing  the life t e s t  of 

p a r t s  that r c l ~ l s i n e d  witl-iin tolcl- '~ncc during the m a t r i x  t e s t  w a s  not expcctcci. 

In ndclition, e ight  out  of thc nine f a i l u r e s  w c r e  in Group a. ' rh is  p rob icm 

will  i,e c loscly  followed d l l r i~ lg  t.ie t c s l  p rog ram.  'There w e r e  8 Dt- f a i l u r e s  

during the n-iatrix t e s t  and 7 ilky f a i l u r c s  ciuring 250 hr of l i fe test ing.  Thesc  

f a i l u r e s  a1.e prcdoniinantly i n  the higher ter l ipera ture  g r o ~ i p s  . If th i s  t r end  

con t i r~ues  i t  could be  a s e r i o u s  1n.oblem. 

Code 2 

T h e r e  have been  no significant  ca tas t roph ic  o r  pai .ametr ic  f a i l u r e s  a s  

of 250 h r  of l i fe tes t ing.  T h e r c  i s  no measurement evidence that  this  type  

of m y l a r  capac i to r  is significantly dcgradcd  f r o m  t11e effects  of s t e r i l i za t ion  



T h c  following tablc ri.iil\s t11c rccommcnclccl s tc r i l i za t iun  s t r o s s  levels in  

a n  increasing o r d c r  of degrad- t' ion: * 

Group 

P 
M 
E 
I 
C 

Tempera ture ,  OC 

105 
11 5 
135 
125 
145 

Time,  h r  

336 
132 

22 
5 3 

9 

It  m u s t  be emphasized that  the r e s u l t s  and conclusions a r e  based  on 

only 250 h r  of a 10,000-hr test ,  and conscq~lcnt ly ,  they a r e  subjcct  to rcvisioil  

during thc rcrnaindcr  of the t c s t  prograin .  

ZPP-2127-GEN-A, CapacjtcJr Matr ix  Tcs t  (Lit ton Systc lns)  M o d .  11. Thc p r e -  
------- ---- ------ 
test scrc!ening (burn- in)  has  Lccn colnplcted. The m a t r i x  t e s t  has  not s la r tcd .  

Consccluently, no conclusions can  bc formulated a t  th is  t ime.  
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STEKILIZABLE 1301.,Y MERIC MATERIALS 

NASA W o r k  Unit 186-58-13-09-55 

JPL 28-2-83'101-2-3820 

OBJECTIVE 

The p r i m a r y  objective of this task i s  to provide information on 

s ter i l izahle  polymeric mater ia l s  for  use in the design of planetary spacecraf t  

which a r e  required to m e e t  a biological specification. The immediate objec- 

tivcs a r e  to evaluate the validity of the decontamination and dry  heat s t e r i l i z s -  

tion prac t ices  as applied to polymeric  mater ia l s  for potential use on planetary 

entry landing capsules,  and to ev.llunte mater ia l s  a t  various t imc-temperature 

conclitions, and in prcsence of oxygen. 

Evnlu;ttion of ETO Decontamination Prac t i ces  
-- - - 

CZ~~zntitative -- estimation - -- of the decontnminstion chamber gases  by gas 
cJ~romcttogl-ap11y (GC)  

It was established that ethylene oxide (ETO) and F r e o n  1 2  could be 

cs~irnateG with a n  accuracy of k1. 4% using this method. Moisture content of 

&I, L ,c. , L*ian?'i~er - could not be determ.ned quantitatively by GC.  Dependence on 

tile cn,iir-ii,er 1,rcssure to calculate tl-ic concentration of ETO was found to be 

xinl*eli,~ble bccause the compo s i t i ~ n  o l  thc ETO-Freon 1 2  mixture liltroduced 

into the chamber varied. Fractiqnalion of the gaseous components and the 

r a t e  at \~ l l i ck  tllc s tcr i lant  liquid mixture in the or iginal  cylinder i s  vaporized, 

were  considered to be the causes io r  this variation. 

Evaluation of moisture-sensing instruments  

An extensive investigation of severa l  types of moisture-sensing ins  t ru-  

inents, both a t  a tmospheric  conditions and a t  the ETO-Freon 1 2  decontamina- 

tion conditions, was ca r r i ed  out, Types of sensors  included: e lec t r ica l  
8 



resistance (El-  Tronics ,  Inc, Model 102), e l ec t r i ca l  impedance ( P a r a m e t r i c s ,  

Inc., Model l O O O ) ,  cold m i r r o r  optical  dew pointer  (Technology-Versatronics, 

Model 707), manual  dewpoinrer (Alnor, Model 7000 U) and wet-and-dry bulb 

psychrometer  (Bendix, Model 566). The l a s t  two w e r e  not suited fo r  u se  in  

the ETO-Freon 12 environment.  The Alnor ins t rument  was  used a s  a r e f e r -  

ence s tandard and the Eendix psychromcter  s e rved  a- 'I additional reference, 

f icsul ts  showed that  the Pansnlc t r ics  and the Technology-Versatronics 

s e n s o r s  were  i r r eve r s ib ly  al'fectcd by the ETO-Freon 12  exposure ,  The 

A t  0 of the Panamet r i c s  probe and the bismuth te l lur ide semiconductor of 2 3 
the Tcchnology-Versatronics probe seemed to have reac ted  wlth the ETO 

changing their  capacitance OL, r es i s tance .  The El- Tronics  s enso r  f a r e d  be t ie r  

than these two. Indications w e r e  that i t s  sensi t ivi ty  to m e a s w e  rela t ive 

humidity changed af ter  ETO-Freon 12 exposure.  Washing the s enso r  with 

dist i l led water  helped but dic: not remedy the si tuation completely. The con- 

clusion is that t he re  i s  no mois tnre-sens ing  ins t rument  that  w ~ l l  adequately 

m e a s u r e  thc rc la t ive humidit y of thc ETO-Freon 12 decontamination chambcr .  

Investifation of Dry IIcnt S tc r i l i za t jo~i  U~lcler Various Time-Tcmueraturc 
Gonclitjoris and in  P r c s c n c c  c ~ f  Oxygcn - 

Six scicctecl polymeric products were  exposcd to thc following hcar. 

cycles  a f t e r  an init ial  $;TO dccontaminrttion according to JPL VOL 50  503- EY'S 

speci11.cation for TA tcstlng of plccc p a r t s  and ma te r i a l s :  

6 X  600 h a t  105OC i n N 2  

6 x  40 h a t  155°C i n  NZ 

6 x 92 h a t  13 5" C in  N2 containing 0.45% O2 

Thc products wcrc  F;pon 934 (cpoxy nclhesivc), Viton 3 7 7 - 9  ( f l~ ioroc las tomcs)  

Stycast  1090 (cl)oxy cncapsr;ul,tnt), Tctllar 30 (po lyv i~~y l f l t~o r idc  f i lm),  E G  758 

(cpoxy-glass l;inlinate), and Mystik 7 3  5 2  (adhesive tape) .  



, ; -~ , t l , ,  L t i i j ~ ~  of th(f  t es t  dn tc i  ci. 1 o \ v ~ d  the fol iowi~lg ci)nclusiolls: 

( i j  A t  155"(; f o r  6 X 40 h, the ~ , r o p c r t i c s  of 112ost of llie prcilucts w e r e  

m o r e  adve r se ly  nifect2d. 

(2) I - i e a t r e s i s t a n t c o m p o ~ n d s  s u c h a s E G 7 5 8 w e s e n o t a n y m o r ' e  

affected by exposure  to higher  t e m p e r a t u r e s  fo r  s h o r t e r  per iods ,  

than to lower  t e m p e r a t u r e  fo r  longer  per iods ,  

( 3 )  In genera l ,  s t e r i l i za t ion  a t  105OC for  6 X 600 h resu l ted  i n  l e s s e r  

l o s s  of the  physical  and mechanica l  p rope r t i e s  of the po lymer i c  

products .  

(4) The p re sence  of s n ~ a l l  quant i t ies  of oxygen ( 0 .  45%) did  not  

affect  thc property chcrngcs significantly. 

(5) Altho~1g11 s tcri l iz , i t ion a t  t ~ i g h c r  t e m p e r a t u r e s  resu l ted  i n  i n c r e a s e d  

l o s s  of p roper t i es ,  the i n c r e a s e - w a s  not  too pronounced. 

E'U11'URE! WORK 

The work  planned for  F Y  6 8  under this  work  unit h a s  been  co~np le t ed ,  and 

a technical  r e p o r t  h a s  been  p repa red  for  publication. F o r  F Y  69, the t a s k  

\vill cons i s t  of the evaluation of polymeric m a t e r i a l s  i n  planetary  ~ n v i r o n m e n t a  

(1:igll t c rnpera tures  and p r e s s u r e s ,  a tmosphe re  of COZ). 

1.. I<a l l ' ,~y ,~n ,  S ,  11. , anti Si ivcr ,  K. H. , "The Ethylene Oxide-Freon 12 

Dccontalninntion Procedure 13. The Quantitative Est inia t ion of 

Ethylene Oxide Concc;ntration by Gas Chromatography,  " 
SPS 37-49, Vol, 111, p. 193, Feb. 29, 1968. 


